Epizootic hemorrhagic disease (EHD) is a viral arthropod-borne disease affecting wild 26 and domestic ruminants. EHD virus (EHDV) is transmitted to vertebrate animal hosts by biting 27 midges in the genus Culicoides. Culicoides sonorensis Latreille is the only confirmed vector of 28 EHDV in the United States but is considered rare in Florida and not sufficiently abundant to 29 support EHDV transmission. This study used ecological niche modeling to map the potential 30 geographical distributions and associated ecological variable space of four Culicoides species 31 suspected of transmitting EHDV in Florida, including Culicoides insignis, Culicoides stellifer, 32 Culicoides debilipalpis and Culicoides venustus. Models were developed with the Genetic 33 Algorithm for Rule Set Production in DesktopGARP v1.1.3 using species occurrence data from 34 field sampling along with environmental variables from WorldClim and Trypanosomiasis and 35 Land use in Africa. For three Culicoides species (C. insignis, C. stellifer and C. debilipalpis) 96-36 98% of the presence points were predicted across the Florida landscape (63.77% -72.53%). 37 For C. venustus, models predicted 98.00% of presence points across 27.42% of Florida. 38 Geographic variations were detected between species. Culicoides insignis was predicted to be 39 restricted to peninsular Florida, and in contrast, C. venustus was predicted to be primarily in 40 north Florida and the panhandle region. Culicoides stellifer and C. debilipalpis were predicted 41 nearly statewide. Environmental conditions also differed by species, with some species' ranges 42 predicted by more narrow ranges of variables than others. The Normalized Difference 43 Vegetation Index (NDVI) was a major predictor of C. venustus and C. insignis presence. For C. 44 stellifer, Land Surface Temperature, Middle Infrared were the most limiting predictors of 45 presence. The limiting variables for C. debilipalpis were NDVI Bi-Annual Amplitude and NDVI 46 Annual Amplitude at 22.45% and 28.09%, respectively. The model outputs, including maps and 49 cannot exist in the environment without the vector, model outputs can be used to estimate the 50 potential risk of disease for animal hosts across Florida. Results also provide distribution and 51 habitat information useful for integrated pest management practices. 52 53
222

Results
223
Four final experiments were developed for C. insignis, C. stellifer, C. venustus, and C.
224 debilipalpis (Figure 2) . The results of the AUC scores for all models indicated models performed 225 better than random, and most of the models had a total omission of zero, meaning all 226 independent test points were predicted landscapes ( (Figure 3 , Table 2 ). For C. stellifer, the models 229 predicted 96.0% of the presence points across 71.7% of the landscape of Florida, while the 230 models predicted 93.0% of the presence points correctly across 72.5% of the landscape.
231
Culicoides venustus, which had the lowest dataset available to build models (n = 18), was most 232 accurate, correctly predicting 98.0% of presence points across just 27.4% of Florida (Figure 3, 233 Table 2 ). 
252
The C. insignis model predicted this species to be widely distributed across the 253 peninsular region of Florida ( Figure 3A ). The distribution of C. stellifer was predicted widely Figure 3D ).
260
Disjunct suitable areas were predicted for C. insignis into the panhandle region of north Florida 261 ( Figure 3A) . Predictions for C. insignis were also relatively low in the extreme southern part of 262 the state including the Florida Keys, where the landscape is more likely to be dominated by 263 saltmarsh species [40] ( Figure 3A) . Culicoides stellifer was predicted to have low suitability 264 south of Lake Okeechobee ( Figure 3B ), whereas C. venustus was predicted to have no suitable 265 habitat south of Polk County, outside of isolated pixels ( Figure 3C ).
266
The experiment for C. insignis predicted the 66.0% of 2017 field validation data correctly, 267 while 88.3% of C. stellifer locations were predicted correctly and C. debilipalpis locations were p 268 with 93.0% accuracy (Table 2) . Models were unable to be validated for C. venustus due to the relative rarity of this species using our trapping methods and all available data from data 270 sources were used to build models; for C. venustus, we relied on the independent 271 testing/training split to assess accuracy (Table 2) .
272
Broadly, covariates with narrow ranges can be interpreted as the most limiting in defining 
282
Ranges are from 0.0 to 1.0 of the environmental variables which predict C. debilipalpis, C.
283 insignis, C. stellifer and C. venustus presence.
284
The median ranges of environmental covariates in the distribution of C. stellifer were 285 similar to those of C. insignis. For example, minimum, maximum, and mean LST, and 286 maximum, minimum and mean MIR were most limiting for C. stellifer (Figure 4) 
302
The distribution for C. stellifer was widely predicted across the state with presence should be expected to be considerably less likely south of Lake Okeechobee, which marks the 312 Everglades/Lake Okeechobee basin [42] ( Figure 3B ). This region is the start of a tropical rainy 
322
The models for C. debilipalpis also predicted the species across much of Florida.
323
However, this prediction is somewhat counter-intuitive to the data collected during the present 324 study; it was not very common using our sampling method. This result may be attributed to the 325 inability of our light traps to attract all species of Culicoides equally [46] . It is possible that C.
326
debilipalpis is present in the areas not predicted by the model.
327
The large areas absent of C. debilipalpis could also be explained by habitat preference.
328
Culicoides debilipalpis has been confirmed to develop in tree-holes of Salix spp. Figure 3D ). South of lake Okeechobee, the landscape is dominated by extensive marsh 334 with scattered pine rockland forests and tropical hardwood hammocks [45] , habitats that are not 335 known for tree holes.
336
The predicted distribution of C. venustus was consistent with Blanton and Wirth [27] . In
337
North America, distributions for C. venustus extend north to Canada and as far west as
338
Oklahoma [27, 48] . In this study, C. venustus was not recorded further south than Pasco County
339
[27], and the models predict low probability of C. venustus south of Pasco County (Figure 3) . 
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